Highly luminescent ZnO:Na nanocrystals of size ~2 nm were synthesized using a improved sol-lyophilization process. The surface analysis such as survey scan, core-level and valence band spectra of ZnO:Na nanocrystals were studied using x-ray photoelectron spectroscopy (XPS) to establish the presence of Na + ions. The observed increase in band gap from 3.30 (bulk) to 4.16 eV (nano), is attributed to the quantum confinement of the motion of electron and holes in all three directions. The photoluminescence and decay measurements have complemented and supported our study to design an efficient and ultrafast responsive optical sensing device.
Sensors or detectors for various kinds of optical radiations are known in the literature 1,2 , but they are deficient in many ways. For example, the photo-response of known semiconductor sensors in ultraviolet (UV) and x-ray radiation range is limited due to nonradiative surface recombinations. The radiation with energy greater than few hundred meV above the band gap will be absorbed ~10 nm deep near the surface. The photogenerated free carriers due to the absorption recombine non-radiatively near the surface of the semiconductor 3 . However, in the visible/infrared region the absorption length of the radiation is significantly larger and the recombination occurs deeper in the material away from the surface. The carrier recombination at the surface could be avoided either chemically passivating the surface or using heterojunction schemes, which is evidenced in many III-V semiconductors devices 3 . But the above two schemes fail if the incident radiation is of very high energy such as UV, x-ray, synchrotron radiation etc. Hence, there is a serious pursuit globally for newer materials that are radiation sensitive, have higher brightness that should match commonly-used photodetector, minimum selfabsorption, reduced light scattering and very short recombination time, suitable for designing ultrafast optical sensors 4 . Phosphors are the best materials to detect UV radiation, but their practical usage for sensing has been limited due to their longer decay/lifetimes and light scattering. However, nanophosphors of the same kind could very well satisfy the prerequisites of an optical sensor due to their highest brightness levels and shortest possible lifetimes dictated by their sizes. A combination of an efficient nanophosphor and a known optoelectronic detector could yield an advanced optical sensor with increased signal to noise ratio, is the main objective of our work. High brightness ZnO nanophosphors having size ~2 nm were the best choice in the current study as they exhibit two luminescence bands in the UV and green regions of the electromagnetic spectrum 5 . This makes the material versatile to be used to design an efficient optical radiation detector covering a broad wavelength range. UV emission from
ZnO is caused by band-to-band and exciton transitions 6 whereas; the origin of green photoluminescence (PL) band is still on debate [7] [8] [9] [10] . Spatial confinement of charge carriers could be the possible reason for substantial increase in the photoluminescence.
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Considering this property in view we thought it is interesting to investigate the surface states of alkali doped-ZnO nanocrystals (NCs) by surface sensitive spectroscopic techniques and contribute to design an ultrafast optical sensing device that is operable in the nanosecond time scale.
In a typical experiment, an improved sol-lyophilization process 12 was used for the synthesis of Na + doped ZnO NCs. This method allows for the synthesis of ultra-fine nanocrystals with no surfactant. The details and the associated advantages of the process are described elsewhere. 13 In a typical method of preparation, ethanolic stock solutions of the reactants, zinc acetate and sodium hydroxide (NaOH) were allowed to react at room the average sizes of NCs were estimated to be ~1.5 and ~1.7 nm, respectively, after duly subtracting the XRD profile broadening due to lattice strain.
Incorporation of Na + in ZnO samples were initially confirmed by atomic absorption spectroscopy, which is a powerful tool to determine quantitative elemental composition of Na + for bulk and nano-ZnO:Na phosphors and hence, were estimated to be 12.31 and 10.25%, respectively, with an error of ±2%. Further, the values were compared to the results from inductively coupled plasma atomic emission spectroscopy reported by Kshirsagar et al. 14 . Using x-ray photoelectron spectroscopy (XPS) and corelevel spectra we tried to characterize the surface of ZnO:Na samples thoroughly at ~5 × 10 -8 torr with a non-monochromatized Al Kα x-ray source. The pass energies for survey scan and core level spectra were kept at 100 and 60 eV, respectively. The minute specimen charging observed during photoemission studies was calibrated by assigning the C 1s signal at 285 eV taking an internal reference and the Fermi edge of gold sample.
Survey spectra in figure 2 shows sharp peaks of C 1s (284.6 eV), O 1s (531 eV), Zn (2p 3/2 ) and Zn (2p 1/2 ) at 1021 and 1043 eV; whereas peaks related to Na were observed at Na(1s) (1071 eV), Na(2s) (64 eV) and Na(2p) (31 eV). In addition, weak peaks were observed for NCs compared to bulk samples that indicate poor crystallinity of the former.
The detailed study on the core level XPS spectra of Zn, O and Na, shown in figure 3(a)-(c), have shown symmetric profiles depicting uniform bond structure and emphasizes that both bulk and NC's do exist in same phase. The core level spectra (Fig 3(a) ) of Zn shows two distinct Zn(2p 3/2 ) and Zn(2p 1/2 ) states at 1020.9 (nano) and 1021.65 eV (bulk); and at
bulk is 23 and 22.75 eV respectively, which confirms the phase formation of ZnO aroused due to the spin-orbit splitting of energy levels. There could be slight shifts in binding energies due to variation from site to site substitution of Na in ZnO systems. Since it is well known that spectroscopic methods such as optical absorption, photoluminescence excitations etc. are accurate to determine the crystallite band gap, we performed detailed luminescence studies. Figure 5 shows the typical photoluminescence excitation (PLE) and photoluminescence (PL) spectra of NCs and bulk phosphor samples.
PL studies showed a clear superiority of brightness levels in ZnO:Na NCs over their bulk counterpart. The ZnO:Na NCs synthesized by the present method exhibit a distinct excitation peak in the UV region at ~302 nm (4.15 eV), when monitored at 539 nm, which is a clear indication of smaller size of the particles. However, the bulk phosphor having larger crystallite sizes, when monitored at 545 nm, exhibited the excitation peak around 375 nm (3.3 eV) that corresponds to bulk band gap of ZnO system. The difference in PLE peak position (or the band edge) for NC and bulk-ZnO:Na samples is mainly due to different mean sizes. The broad green emission at ~545 nm is weakly observed in the bulk-ZnO:Na and is assigned to defect levels associated with oxygen vacancies or zinc interstitials, 7, 8 whereas the confinement effects dominate the luminescence phenomenon in ZnO NCs. There could be many interdependent factors, such as electron-phonon coupling, lattice dislocation, localization of charge carriers due to interface effects and Appl. Phys. Lett. 96, 123102 (2010) doi:10.1063/1.3354025 7 point defects that are incrementing the PL emission. However, the sizes observed for ZnO NCs are ~2 nm, the NCs allow one more degree of freedom along with size dependency leading to intense PLE and PL intensities over their bulk counterparts. This is the property related to the sensitivity where most of the optical sensors lack in the UV to visible region. It is known that the performance of an optical sensor would be optimum if the incident photon energy is transferred at a faster rate from host crystal to dopant. To check the possibility of using ZnO:Na NCs for designing ultrafast UV sensor, we have investigated the dynamics of bound excitons for bulk and nano-ZnO:Na powders at their peak wavelengths i.e., at 545 nm emission and 375 nm excitation for bulk; and 539 nm emission and 302 nm excitation for NCs, using a time correlated single photon counting technique. Table I shows the results of exciton lifetimes of both bulk and nano-ZnO:Na powders that varied from few milli to nanoseconds, respectively. The lifetime components (fast and slow) are calculated at the 1/10 th part of the initial decay curves for bulk and ZnO:Na NCs and the values are shown in Table I . It is inferred that size dependency and quantum confinement are responsible for faster decay components and donor-acceptor pair type of recombination for longer lifetimes, are for bulk materials.
In summary, highly luminescent ZnO:Na nanocrystals were investigated for designing ultrafast optical sensor for which the surface states of NCs were studied using XPS. The valence band maximum of nano-ZnO:Na shifts by ~420 meV from Fermi energy level as compared to that of bulk-ZnO:Na, which is due to the quantum confinement effects aroused due to size restrictions in nanocrystals. The fastest rate of energy transfer from host to the activator in ZnO:Na NCs suggest the strong possibility of designing advanced UV sensor that could be operated in nanoseconds.
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